This review assesses the contribution of occupational asbestos exposure to the occurrence of mesothelioma and lung cancer in Europe. Available information on national asbestos consumption, proportions of the population exposed, and exposure levels is summarized. Population-based studies from various European regions on occupational asbestos exposure, mesothelioma, and lung cancer are reviewed. Asbestos consumption in 1994 ranged, per capita, between 0.004 kg in northern Europe and 2.4 kg in the former Soviet Union. Population surveys from northern Europe indicate that 15 to 30% of the male (and a few percent of the female) population has ever had occupational exposure to asbestos, mainly in construction (75% in Finland) or in shipyards. Studies on mesothelioma combining occupational history with biologic exposure indices indicate occupational asbestos exposure in 62 to 85% of the cases. Population attributable risks for lung cancer among males range between 2 and 50% for definite asbestos exposure. After exclusion of the most extreme values because of methodologic aspects, most of the remaining estimates are within the range of 10 to 20%. Estimates of women are lower. Extrapolation of the results to national figures would decrease the estimates. Norwegian estimates indicate that one-third of expected asbestos-related lung cancers might be avoided if former asbestos workers quit smoking. The combination of a current high asbestos consumption per capita, high exposure levels, and high underlying lung cancer rates in Central Europe and the former Soviet Union suggests that the lung cancers will arise from the smoking-asbestos interaction should be a major concern. -Environ Health Perspect 107(Suppl 2):289-298 (1999).
occurrence of mesothelioma and lung cancer in Europe through a summary of available information on national asbestos consumption, proportion of the population exposed, and exposure levels. Population-based studies from various European regions on occupational asbestos exposure, mesothelioma, and lung cancer are reviewed to present information on population-attributable risk.
Asbestos Exposure in Europe Asbes ning
Europe has long been an important producer of asbestos. Major chrysotile mines are or have been active in the USSR and in Italy, Greece, Cyprus, and Yugoslavia; Finland has been the only commercial producer of anthophyllite. In 1986 significant production took place in Italy, Greece, Cyprus, and Yugoslavia, for a total output of 2,688,000 tons, corre- sponding to 63% of world production. Asbestos mining in the world has sharply declined since 1990. The European share declined even further, from 63% of world production in 1986, to 58% in 1990, and 35% in 1996 (Table 1) .
Some of the European asbestos producers have stopped the mining activity, such as Finland in 1975 (2) , Cyprus in 1988 (3) , and Italy in 1990 (4) . Presently, Russia is the only significant producer of asbestos in Europe and the most important producer in the world (Table 1) .
Trends in Asbestos Consumption
Industrial use of asbestos started 100 years ago, but became widespread during and after the Second World War. World asbestos consumption peaked in the mid1970s and has since been decreasing. The latest available statistics for Europe refer to 1996: The world output was then approximately 2.2 million tons, most being chrysotile and only a few percent amphibole asbestos. Available sources refer to chrysotile as the only asbestos type mined in Europe. The main part of the asbestos output is used in the manufacturing of asbestos cement products [85% of the output globally (3) ; 85-90% within the European Union (5) ].
Domestic consumption of asbestos decreased from 1986 to 1994 by 94% in Northern Europe, 76% in Western Europe, 82% in Mediterranean Europe, 69% in Central Europe, and 69% in the former Soviet Union. However, time trends in asbestos consumption are heterogeneous throughout Europe. The decrease started in northern and Western Europe, followed by the Mediterranean region and, after 1990, also by Central Europe and the former Soviet Union. The consumption of asbestos per capita in 1990 ranged from 0.07 kg in Northern Europe to 7.0 kg in the former Soviet Union. In 1994 the rank of the European regions was unchanged, but the range was between 0.004 and 2.4 kg ( Table 2 ).
Proportion Exposed in the Population
Direct information on the proportion of workers exposed to asbestos is available from some of the European countries only and is provided by ad hoc surveys, which have been conducted mostly in the Nordic countries, and from case-control studies.
Occupational asbestos exposure in the general population was studied in a stratified Environmental Health Perspectives * Vol 107, Supplement 2 * May 1999 Symbols: ?, unknown; -, no production. &Estimated production. Information from British Geological Survey (71) .
Also, some asbestos has been mined in Romania with an estimated output of 4,600 tons in 1989 (71). (6) . A survey of men 40 years of age and over in nine municipalities in the county of Telemark estimated from self-administered questionnaires that 18% of the subjects had former asbestos exposure. Current and former smokers were more prevalent among those exposed to asbestos. On the basis of an interview with a subset of the subjects, the authors concluded that the questionnaire had a low sensitivity (but a high specificity) for asbestos exposure and that the real proportion of exposed men was probably 28 to 37% (7).
Malmberg and Hillerdal (8) found in a general health survey of men in the county of Uppsala, Sweden, which has a low proportion of its population employed in industry, that 7% of the men reported exposure to asbestos (self-administered questionnaire).
A national survey in Finland estimated from the occupational title that 14% ofmen 35 years of age or more had significant asbestos exposure (9) . A (13) . In Finland 200,000 workers were estimated to have had an exposure to more than 2 fibers per milliliter air (f/ml) for at least 2 months during their working life. Seventy-five percent of these workers were exposed in the construction industry and only 5% in asbestos products manufacturing or in asbestos mining (9 1994, fiber concentrations in asbestos cement production ranged from 0.1 to 1.1 f/ml for the machine line to 1.1 to 5.2 f/ml for the milling and mixing areas (16) .
Asbestos Exposure and Cancer Risk in Europe
We estimate the impact of asbestos exposure on European lung cancer and mesothelioma rates using population-based data. This approach has previously been used to estimate the proportion of lung cancer (17, 18) and bladder cancer (18) Information from the European cancer registries indicates that mesothelioma incidence has been increasing among men since the 1960s (22) . According to data published in Cancer Incidence in Five Continents-VII (23), 10 registries in the world present cumulative incidence rates for pleural malignancy in males higher than 15 per 1,000 and 7 of these registries are in Europe. Usually a high male-to-female ratio is observed (23) . Mortality data from England, Wales, and Scotland indicate that mesothelioma deaths are increasing and that the rates are determined by age and birth cohort (24) . Rates among women were one order of magnitude lower than among the men, but followed the same pattern. For men born in the 1940s, the predicted lifetime risk was 1%. A continued increase in mesothelioma deaths was predicted for another 15 to 25 years. Similar trends, without any indications of effects of preventive measures, due to the long latency time for mesothelioma was observed in France (25) and in Sweden (26) . A time trend for pleural mesothelioma incidence 292 was also observed in the area of Rotterdam (27) . Construction and related trades accounted for 24% of the deaths (24 (38) . Contributions to the risk from duration and intensity are assumed to have equal weight (39) . Estimates of the slope vary considerably between studies and seem to be associated both with fiber type (amphiboles associated with higher risk than chrysotile) (1) and industrial process per fiber length [textiles associated with higher risk than friction products) (19) , and to the prevalence of exposure to other lung carcinogens such as tobacco smoking (40 (38) ], but has been contested in a recent study (12) .
It has been suggested that the difference in risk associated with industrial process is due to different distributions of fiber size (39) . Thus, for mining, slope estimates for chrysotile are approximately 0.05, for tremolite 0.7, and for crocidolite 1.0. For chrysotile friction products manufacturing, the slope has been reported as 0.06, and for chrysotile textile manufacturing as 1.0 to 2.0 (1). The U.S. Occupational Safety and Health Administration estimated an average slope across studies of 1 (95% CI 0.3-3.0) (43) . The validity of the estimated slope for chrysotile asbestos has recently been questioned (44) .
The dose-response relations from asbestos mining and manufacturing (1) imply that for an exposure of 1 f/ml for 40 years, the estimated risk above the background will vary from 2 to 80%, according to fiber type and process. It is also clear from the analyses of mining and manufacturing cohorts (1) that the asbestos dose estimated to double the lung cancer risk is quite high (50-2,000 f-y/ml). It (21) . In population-based case-referent studies, a ratio of 1:2 was estimated from Glasgow and the west of Scotland (high proportion of crocidolite exposure) (28) and a ratio of 1:5 from the greater Helsinki area (high proportion of anthophyllite exposure) (10) .
Several estimates have been published on the proportion of lung cancer attributable to asbestos exposure in a population.
The proportion of cases in a population attributable to a certain factor can be estimated as AR= p(e) x (RR-1)/RR, where p(e) is the proportion of exposed cases (45) .
We present in Tables 3 and 4 Usually the studies were performed in areas with a higher incidence of lung cancer or a higher prevalence of asbestos exposure than the national average and were restricted to males. These aspects must be considered when the results are generalized. A selection of the studies is listed in Table 5 with the crude RR for lung cancer in the study area in comparison with national rates. These crude ratios should be interpreted only as approximations, as it was not always possibly to identify the exact areas covered by the study. As seen from Table 5 , studies from areas with a lung cancer rate below the national average are less common and tend to have a lower proportion of asbestos-exposed cases and lower PAR, compared to those covering areas with rates above the national averages.
Further, several types of bias might influence the risk estimates made for these populations. The characterization of exposure is usually based on self-reported exposure or exposure reported by the next of kin for deceased subjects. It is likely that these reports lack precision, which would tend to decrease the contrast in exposure between cases and referents. Moreover, the quality of the information may vary between cases and referents. In principle, two types of information bias are likely to be of importance (and operate in opposite directions): a) cases (and their next of kin) might give more consideration to occupational exposures than healthy referents and thus be more likely to recall that a certain exposure has occurred; and b) for a higher proportion of cases than referents, information on the work history may have to be obtained from the next of kin. Because the next of kin probably is less well informed, it is likely that significant exposures will be missed more often among cases than controls and bias the estimate towards the null hypothesis (see below).
All quoted case-control studies considered smoking either in the matching of cases and referents (46) (46) , Glasgow and the west of Scotland (28) , and London (12) . Martischnig et al. (56) interviewed incident cases submitted for suspected lung cancer and matched referents submitted for other reasons. Direct questions on asbestos exposure were avoided. The interviewer was aware of the case-referent status and assessed the exposure. The RR estimate was obtained from an analysis stratified for the maximum daily cigarette consumption.
Pannett et al. (46) collected information on occupation and industry using a postal questionnaire sent to all male cancer patients, 18 to 54 years of age or, if they were deceased, to their next of kin. The response rate was low (52%). Lung cancer cases and controls (matched on age, county, smoking habits, and vital status) were selected from those who had responded to the questionnaire. Exposure to asbestos, chromate, cutting oils, formaldehyde, and PAHs was assessed using a job-exposure matrix. As an alternative approach, exposure was graded by direct review of the fulll occupational histories. The estimates presented in Table 3 were obtained with the latter method, which was deemed more accurate. The authors conclude that the low age of the subjects induded in the study may have decreased the relative risk observed from asbestos exposure, as compared to a study including the full age range. Remarkably, the possible bias introduced by the low response rate is not discussed.
De Vos Irvine et al. (28) estimated the PAR for lung cancer from asbestos exposure among men in Scotland in an ecologic correlation study, adjusting for smoking (using mortality from chronic bronchitis as a proxy), social deprivation, and air pollution. The area studied induded Clydebank (see mesothelioma incidence).
Wilkinson et al. (12) studied lung cancer risk in relation to asbestos exposure (as estimated from occupational titles held at least 6 months) using two sets of referents with other respiratory diseases and cardiac diseases, respectively. All were incident cases and interviewed in person. The classification of occupational title employed had been shown to discriminate best between mesothelioma cases and controls in a former study. Occupations held within 15 years of the diagnosis were excluded from the analysis. The results were essentially the same using referents with respiratory and cardiac diseases. Estimates Women were originally included in the study, but were all allocated to the lower dose category (< 0.05 f-y/ml). If they are included in the calculation of the PAR, it will decrease to 11 % for lung cancer in both sexes.
Two other studies have been published from Scandinavia. Kjuus et al. (61, 62) Karjalainen et al. (63) examined pulmonary concentrations of asbestos fibers in surgically treated male lung cancer patients from the greater Helsinki area and men from the same area who had been subject to forensic autopsy due to sudden or unexpected death. Information on smoking habits was obtained in personal interviews with the cases and with next of kin for the referents (participation rate 56%). Subjects with concentrations greater than 1 million f/g dry tissue assessed with scanning electron microscopy were considered as exposed to asbestos, in accordance with a previous study in which that concentration was 'highly indicative" of past occupational exposure (10) . Estimates of the RR were adjusted for age and smoking. The estimates quoted in Table 4 refer to all asbestos fibers. The corresponding estimates for crocidolite/amosite were: proportion of exposed cases= 15.0%, proportion of exposed controls= 7.7%, OR= 1.9 (95% CI = 0.9-4. 1), PAR = 7.1 %.
A large case-cohort study from the Netherlands (48) (64) . Further, smokers might have an enhanced accumulation of asbestos fibers in the airways (65) and in the parenchyma (65, 66) . Kjuus et al. (61) (22) .
The combination of a current high asbestos consumption per capita, high exposure levels, and high underlying lung cancer rates in Central Europe suggests that the lung cancers that will arise from the smoking-asbestos interaction should be a major concern.
Conclusions and Discussion
Trends in asbestos production and use show a reduction in all European countries but with quite different slopes. In Europe, Russia and Greece remain the only important asbestos producers. Domestic asbestos consumption is still very high in the former Soviet Union, while a sharp decrease has occurred in Northern Europe and a moderate decrease has been noted in the rest of Europe.
Asbestos use is banned in several countries in Northern, Western, and Mediterranean Europe. Crocidolite use is severely limited by EC regulation. Although the trend in Western Europe is toward enforcing lower exposure limits, high exposure levels (mean concentration above 1 f/ml) are still found in asbestos production and use in Central Europe and the former Soviet Union.
Only a small part of asbestos-exposed workers have been engaged in asbestos mining or manufacturing. Most workers have been exposed in downstream use, mainly in the construction industry (approximately 85% of the asbestos is processed by the asbestos-cement industry) and in shipyards, but also in several other occupations such as car mechanics or railway workers. Those exposures have often been overlooked (70) . Little is known also about the number of workers, the exposure levels, and the intensity of exposure in the asbestos removal industry. Estimates Female cases of lung cancer were, in all studies that included both sexes, less exposed than males. Thus, estimates of the PAR that include both sexes tend to be lower than those that include only men. The latter are more numerous. Excluding the outliers discussed above, eight studies of male lung cancer that allow calculation of the PAR from asbestos exposure provide estimates for definite asbestos exposure between 5.7 and 19%. Six of those give estimates between 14 and 19%, representing the experience from industrial areas of Italy, Sweden, Great Britain, Norway, and Finland. Estimates of the PAR including both men and women range from 6.7 to 14%. It is difficult to estimate national PARs from these regional studies. Karjalainen et al. (10) suggest, based on a comparison with mesothelioma incidence data, that in Finland the national average PAR for lung cancer may be less than half of their estimate (19%) for the greater Helsinki area. The Dutch study (48) is assumed to be representative for the male population of the Netherlands and estimates the PAR to be 11.6%.
Because asbestos and smoking have a synergistic effect on lung cancer risk, a substantial preventive effect for workers who have already experienced asbestos exposure can be achieved with the reduction of their smoking. Future trends for asbestos-induced lung cancer will depend on future consumption and exposure levels, underlying lung cancer rates, and smoking habits. Perspectives for Central Europe and Russia are alarming from this point of view, as all three determinants seem to be increased in relation to the rest of Europe. The smoking reduction strategy, however, is ineffective for mesothelioma, for which asbestos is the only known causative factor.
